REMARKS 

Claims 15-17, 20, 21 , 23, 24 and 25-46 were pending in the case. Upon entry 
of this Amendment, the pending claims will be cancelled and will be replaced with 
Claims 47-56. 

The Office Action raises an enablement rejection with regard to the use of 
VLCFAE polypeptides (or "KAS") which are not the polypeptide of Seq. ID. No. 2 and 
argues that it is not possible for a person skilled in the art to decide which VLCFAE 
has to be used in the claimed method. 

Applicants respectfully traverse, but to remove issues and advance 
prosecution, the claims have now been restricted to the use of a polypeptide with an 
identity of at least 90% to said sequence (Claims 47, 48, 51 and 52), and to the use 
of a polypeptide with an identify of at least 90%, (Claims 49, 50, 53, and 54). 
Support for this Amendment may be found in the specification at page 6, line 3, 
among other places. 

The Examiner raises a question of guidance to one skilled in the art for the 
use of polypeptides which are not identical with SEQ ID No. 2. Applicants 
respectfully point out that VLCFAE's are 3-ketoacyl-CoA-synthases (KAS). The 
polypeptide of SEQ ID No. 2 is such an enzyme as are the ones disclosed in U.S. 
Patent No. 6,307,128 and Accession No. 064846, as noted by the Examiner. The 
present invention teaches that such 3-ketoacyl-CoA-synthases can be used as 
targets to identify herbicides because they are susceptible to small compounds and 
because the inhibition of their enzymatic activity leads to death or severe damage of 
a target plant. Such enzymes have not been heretofore known as targets for 
herbicides. VLCFAE's are known enzymes (e.g. U.S. Patent No. 6,307,128 and 
Acc. No. 064846) and can be easily identified by a person of skill in the art. 

Therefore, the polypeptide of SEQ ID NO. 2 has been used as an example to 
demonstrate that the claimed method achieves its desired result. The contribution of 
the present invention to the art therefore is not that only the specific polypeptide of 
SEQ. ID NO. 2 is a target, but that plant polypeptides having the enzymatic activity of 
a 3-ketoacvl-CoA-svnthase are targets for herbicidallv active compounds and can 
thus be effectively used in the claimed method for identifying new herbicidal 



compounds that were not known to have herbicidal activity. Given the contribution of 
the present invention to the art, it would not be fair to the inventors to limit the 
present invention merely to SEQ |D NO. 2. 

Further, the specification clearly states that VLCFAEs show extensive 
homologies with one another (please see page 3, line 15 of the specification). And, 
therefore it is possible to use homologous polypeptides for the same purpose. 
Examples for such 3-ketoacyl-CoA-synthases are explicitly given in Table 1 on page 
4 of the specification. The specification further teaches that in particular, 
polypeptides which are homologous to FDS (SEQ ID NO. 2) can be used, 
particularly those with an identity of at least 90% (please see pages 4-5 of the 
specification). 

Applicants respectfully urge that it is the general state of the art to identify on 
the basis of a given DNA or polypeptide sequence (SEQ ID NO:1 , encoding SEQ ID 
NO:2) other DNA sequences or polypeptide sequences which are homologous. This 
can easily be done, for example, by 

a) searching databases for homologous sequences (preferably based on 
amino acid sequences) with a sensitive sequence comparison 
algorithm, 

b) PCR with oligonucleotides derived from the starting sequence (SEQ ID 
NO:1), 

c) hybridization assays with adequate stringency. 

No explicit guidance is needed for a person with skill in the art to obtain a 
polypeptide which - based on sequence homology - is at least 90% homologous to 
SEQ ID NO:2. 

The question then becomes whether the homologous polypeptide sequences 
will have the same enzymatic activity and function. In this case, Applicants 
respectfully urge that the claims are directed to 90% homology. Applicants 
respectfully urge that it is now generally accepted in the scientific community, that at 
a sequence identity of 25% or greater over an alignment length of at least 80 amino 
acids, a structural similarity between two polypeptides will be established, and a 



identity of above 40%. Polypeptides having an identity of at least 90% are generally 
referred to as being extremely similar or "basically identical" in structure and 
function. Applicants include herewith two references for the Examiner's 
consideration. The first is a plot of the Relationship of Similarity in Sequence 
(Attachment A) and the second is an article entitled "Structural Proteomics As A 
Tool For Functional Assignment And Target Validation," Sundstrom M., Business 
Briefing: Future Drug Discovery (Attachment B) (see underlined paragraphs 
therein). 

A person skilled in the art, having determined (e.g. by a database search) 
additional polypeptides having an identity of at least 90% to SEQ ID NO:2 would 
have no doubts that the enzymatic activity and function of the polypeptide of SEQ ID 
NO:2 found is identical to the one described for SEQ ID NO:2. U.S. Patent 
No. 6,306,128 only confirms that polypeptides with a high homology to SEQ ID NO:2 
(see statements of the Examiner as to the homology of the sequences) would have 
the same function. In this reference, which is cited in the specification as 
WO 98/54954, it is shown very clearly that the sequences with homology to SEQ ID 
NO:2 have a 3-ketoacyl-CoA-synthase activity. 

Additional guidance is given in the specification at page 15, line 20, where it is 
clearly stated that "the first 45-50 amino acids at the N-terminus are specific" for the 
FDH protein and can be used as a recognition sequence. The amino acids referred 
to are part of the sequence listing. A person with skill in the art is thus taught how to 
check on the identity of any polypeptide he or she has identified as having an identity 
of at least 90% by comparing the respective N-termini. 

Applicants call to the Examiner's attention that the specification explicitly 
refers to WO 98/54954 (see page 1 , line 18), wherein an assay for testing the 
enzymatic activity of 3-ketoacyl-CoA-synthases are described (see Example 2, 
page 19, of the reference). Assays for assessing the enzymatic activity of 
3-ketoacyl-CoA-synthases (VLCFAEs) were thus well known in the art at the time the 
present application was filed, (see for example, also Hlousek-Radojcic et al. (1998), 
attached hereto at Attachment C, where another assay is described). A person 
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skilled in the art would therefore be enabled to additionally check the identity of any 
polypeptide he or she has identified as being at least 90% identical to SEQ ID NO:2 
by performing an activity assay according to the assays known in the art. 

In conclusion, Applicants respectfully urge that a person with skill in the art is 
enabled by what is taught in the application to identify and use in the claimed method 
a polypeptide according to the invention, having an identity of at least 90% to SEQ 
ID NO: 2. The Wand factors mentioned by the Examiner on page 4 of the Office 
Action can be answered in a way that based on the present scope of the claims not 
undue experimentation is needed to perform the method claimed, the claimed 
method does not contain any unpredictabilities and that the claims are sufficiently 
clear and enabled by the specification to permit one skilled in the art to use the 
present invention. 

Applicants believe the newly added claims overcome the rejections set forth 
on page 7 of the Office Action, and Applicants respectfully request withdrawal of the 
35 U.S.C. Section 112 (second paragraph) rejection. 

The Office Action alleged the prior claims were anticipated under 35 U.S.C. 
Section 102 as being anticipated by U.S. Patent No. 6,306,128 to Jorwarski et al 
(hereinafter "Jorwarski"). Jorwarski describes nucleic acids and polypeptides having 
the enzymatic activity of 3-ketoacyl-CoA-synthases and methods of using them to 
produce transgenic plants with an altered level of said enzymes . 

The present claims are directed to an entirely different invention. They are 
directed to methods for identifying herbicides . Jorwarski also describes the 
influence of various cofactors and small molecules like cerulenin on the enzymatic 
activity of the KAS. However, Jorwarski teaches only which cofactors should be 
used in order to achieve an optimal enzymatic activity of KAS (VLCFAE). Jorwarski 
importantly, fail to teach that the inhibition of plant KAS by small molecules 
leads to the death or damage of a plant and that herbicides can be identified 
by performing activity assays with said polypeptides. Jorwarski do not teach 
methods for identifying herbicides, therefore it cannot anticipate the present 
invention. 
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The Office Action also rejected the claims for reasons of obviousness over 
U.S. Patent No. 6,306,128 and Acc. No. 064,846. The Office Action alleges that 
these references teach nucleic acids being highly similar or identical to SEQ ID 
NO:1. 

However, no nucleic acids or polypeptides are claimed in the present 
application. The invention claimed is a method for identifying herbicides, and 
neither reference contains any suggestion or teaching directed to the claimed 
invention. 

The high similarity of the sequences mentioned in the reference to the one 
mentioned in the present invention is therefore hot relevant as long as the reference 
does not teach that the sequences mentioned therein are targets for herbicides and 
can be used in methods for identifying new herbicidallv active compounds . 

It is said in the Office Action that U.S. Patent No. 6,306,128 teaches methods 
for evaluating the influence of difference cofactors or small molecules such as 
cerulenin on the enzymatic activity of VLCFAEs (KAS). However, it is important to 
look at what the reference teaches in the context that it is taught. The reference 
teaches only that the enzymatic activity can be influenced depending upon the 
cofactor present in the activity assay and that, for example, cerulenin, an antifungal 
antibiotic isolated from Cephalosporium caerulens, does not influence the enzymatic 
activity of the KAS tested (see column 18, line 25). The reference doe not include 
the slightest indication, hint, teaching or suggestion that an inhibitor of VLCFAEs 
could be used as a herbicide. The reference does not even suggest that VLCFAEs 
are essential enzymes for the viability of plants. Therefore, the disclosure of U.S. 
Patent No. 6,306,128 does not suggest or motivate a person with skill in the art to 
use VLCFAE in methods for identifying herbicides. WO 064,846 does not offer any 
disclosure which closes the gap between U.S. Patent No. 6,306,128 and the 
presently claimed invention, as it only discloses another sequence information. 

Further, while Jorwarski suggests to regulate the VLCFAE activity in a plant, 
there is no suggestion that this regulation is connected with identifying a herbicide or 
test/predicting herbicidal activity. In fact, by suggesting that the regulation of KAS in 
a plant can be used for "increased seed germination percentage, increasing seedling 
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vigor, increased resistance to seedling fungal diseases" (column 8, line 50), the 
disclosure of Jorwarski clearly teaches away from the present invention. Applicants 
therefore respectfully urge that the present claims are not rendered obvious over 
these references, either alone or in combination with one another. 

Applicants believe the foregoing addresses all issues raised in the Office 
Action. Review and consideration of the claims and allowance thereof are 
respectfully requested. 

If the Examiner believes issues remain, the Examiner is invited to telephone 
the undersigned and discuss those issues before issuing another Office Action in the 
case. 



100 Bayer Road 

Pittsburgh, Pennsylvania 15205-9741 
(412) 777-3916 

FACSIMILE PHONE NUMBER: 
(412) 777-3902 
s/rmc/rjh/0207 



Respectfully submitted, 




Attorney for Applicants 
Reg. No. 33,896 



Bayer CropScience 
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ATTACHMENT C 



Plant Physiol. (1998) 11 6; 251-258 



Fatty Acid Elongation Is Independent of Acyl-Coenzyme A 
Synthetase Activities in Leek and Brassica napus 1 

Alenka Hlousek-Radojcic, Kimberly J. Evenson 2 , Jan G. Jaworski, and Dusty Post-Beittenmiller* 

Plant Biology Division, The Samuel Roberts Noble Foundation, Ardmore, Oklahoma 73402 (A.H.-R,, K.J.E., 
D.P.-B.); and Chemistry Department, Miami University, Oxford, Ohio 45056 O.G.J.) 



In both animal and plant acyl elongation systems, it has been 
proposed that fatty acids are first activated to acykoenzyme A 
(CoA) before their elongation, and that the ATP dependence of fatty 
acid elongation is evidence of acyl-CoA synthetase involvement. 
However, because CoA is not supplied in standard fatty acid elon- 
gation assays, it is not clear if CoA-dependent acyl-CoA synthetase 
activity can provide levels of acyl-CoAs necessary to support typical 
rates of fatty acid elongation. Therefore, we examined the role of 
acyl-CoA synthetase in providing the primer for acyl elongation in 
leek (Allium porrum L) epidermal microsomes and Brassica napus 
L. cv Reston oil bodies. As presented here, fatty acid elongation was 
independent of CoA and proceeded at maximum rates with CoA- 
free preparations of malonyl-CoA. We also showed that stearic acid 
([1- l4 C)18:0)-CoA was synthesized from [1- 14 C]18:0 in the presence 
of CoA-free malonyl-CoA or acetyl-CoA, and that [1- 14 C]18:0-CoA 
synthesis under these conditions was ATP dependent. Furthermore, 
the appearance of [1- 14 C]18:0 in the acyl-CoA fraction was simul- 
taneous with its appearance in phosphatidylcholine. These data, 
together with the results of a previous study (A. Hlousek-Radojcic, 
H. Imai, j.C. Jaworski [1995] Plant J 8: 803-809) showing that 
exogenous [ 14 C]acyl-CoAs are diluted by. a relatively large endoge- 
nous pool before they are elongated, strongly indicated that acyl- 
CoA synthetase did not play a direct role in fatty acid elongation, 
and that phosphatidylcholine or another glycerolipid was a more 
likely source of elongation primers than acyl-CoAs. 



Very-long-chain fatty acids (>18 carbons) are found in 
the glucocerebrosides of plant plasma membranes (Cahoon 
and Lynch, 1991), in the storage lipids of many oil seed 
species (Harwood, 1980), and as precursors of plant epicu- 



zymes of acyl elongation are membrane bound and gener- 
ally thought to be associated with the ER and possibly the 
plasma membranes in vegetative cells (von Wettstein- 
Knowles, 1993) or with the ER (Agrawal et al., 1984) and oil 
bodies of developing seeds (Imai et al, 1995). Furthermore, 
the intermediates of acyl elongation are esterified to CoA 
rather than to the acyl carrier protein cofactor of fatty acid 
synthase (Fehling and Mukherjee, 1991), 

Studies on acyl elongation in plants and animals indicate 
that, in general, the properties of acyl elongation in plants 
and animals are quite similar (for review, see Cinti et al., 
1992; Cassagne et al, 1994). Both plant and animal elon- 
gases require malonyl-CoA and NAD(P)H and use a vari- 
ety of primers with varied requirements for ATP. For ex- 
ample, relatively high rates of acyl elongation can be 
achieved without supplied primer, i.e. by ATP-dependent 
elongation of endogenous substrates. This implies that 
there is a sufficient endogenous primer pool, but that ATP 
is necessary to use it. 

The extent of the ATP requirement for elongation of 
exogenous acyl-CoAs apparently depends on the system 
studied. In Brassica napus seeds both microsomes and oil 
body fractions have acyl-CoA elongation activity. The 
ATP-independent activity is found almost exclusively in 
the microsomal fraction (Fuhrmann et al., 1994), whereas 
the ATP-dependent activity is found in both microsomes 
and oil body fractions (Whitfield et al., 1993; Hlousek- 
Radojcic et al, 1995; Imai et al, 1995). Oil bodies prepared 
by Sue gradients showed minimal levels of the ER marker 
enzvme cholineohosphotransferase (Whitfield et al , 1993), 
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The exact nature of the endogenous primer has not been 
carefully studied and its identity has lately been ques- 
tioned in both animal (Cinti et al., 1992) and plant systems 
(Evenson and Post-Beittenmiller, 1995; Hlousek-Radojcic et 
al., 1995). Microsomal preparations from plants and ani- 
mals will synthesize very-long-chain fatty acids in the pres- 
ence of ATP and malonyl-CoA from endogenous primer 
pools, exogenous free fatty acids, or acyl-CoAs. Specifi- 
cally, elongation of fatty acids has been reported in micro- 
somes isolated from pea (Bolton and Harwood, 1977), leek 
(Evenson and Post-Beittenmiller, 1995), and animals (see 
Cinti et aL, 1992, and refs. therein). This elongase activity 
has been attributed to the activation of the supplied fatty 
acids (or endogenous fatty acids in which no primer is 
supplied) to acyl-CoAs by an endogenous ACS. 

ACS is an ATP-dependent enzyme that has activity that 
has been reported in microsomes prepared from leek epi- 
dermis (Lessire and Cassagne, 1979), oil seeds (Ichihara et 
al., 1993), and rat liver (Guchait et al., 1966). Thus, the ATP 
requirement for endogenous acyl elongation and elonga- 
tion of supplied fatty acids has been cited as evidence for 
ACS involvement (Nugteren, 1965). However, ACS activity 
is also CoA dependent, and under standard acyl elongase 
assay conditions no CoA is supplied. If CoA is not supplied 
to safflower (Ichihara et al., 1993) or leek microsomes (Les- 
sire and Cassagne, 1979), no ACS activity is detected. 
Therefore, the endogenous CoA level is apparently insuf- 
ficient for ACS activity under standard elongase assay 
conditions. Similarly, ACS activity in rat liver microsomes 
does not correlate with acyl elongase activity rates in the 
absence of exogenously supplied CoA, fatty acid, and 
Mg 2+ (Cinti et al., 1992). Nugteren (1965) suggested that 
small amounts of CoA may be present in malonyl-CoA 
preparations, which would presumably be sufficient to 
support ACS activity under elongase assay conditions. 
However, this hypothesis had not been tested before the 
studies reported here. To elucidate the relationship of ACS 
activity and fatty acid elongation, we examined both ACS 
and elongase activities in the same preparations of leek 
microsomes or B. napus oil bodies under conditions in 
which maximum rates of fatty acid elongation were 
achieved. 



MATERIALS AND METHODS 

Substrates and Reagents 

[2- 14 C]Malonyl-CoA was synthesized according to 
Roughan (1994), using [2- 14 C]acetate (54 mCi/mmol, Du- 
Pont NEN) and pea chloroplasts. [l- 14 C]Stearic acid (18:0) 
(58 mCi/mmol) and [l- 14 C]oleic acid (18:1) (50 mCi/mmol) 
were purchased from Amersham. [l- 14 C]Stearoyl-CoA and 
[l- 14 C]oleoyl-CoA were synthesized according to Taylor et 
al. (1990) with modifications for [l- 14 C]stearoyl-CoA as 
previously described (Evenson and Post-Beittenmiller, 
1995). Boron trifluoride (in 10% methanol) was from All- 
tech Associated, Inc. (Deerfield, IL). Pseudomonas ACS and 
all other chemicals were from Sigma. 



Plant Material, Enzyme Assays, and Product Analyses 

Leek (Allium porrum L.) microsomes were isolated from 
epidermis of rapidly expanding leaf and assayed for* acyl 
elongation activity as previously described (Evensori and 
Post-Beittenmiller, 1995). Oil bodies were prepared : from 
frozen developing Brassica napus L. cv Reston seeds and 
assayed for acyl elongation activity as described previously 
(Hlousek-Radojcic et aL, 1995). After saponification, fatty 
acids were methylated with methanolic boron trifluoride 
and separated on KC 18 RPTLC plates (Whatman) devel- 
oped in acetonitrile:methanol:water (65:35:0.5, v/v). Quan- 
tification of radioactivity was carried out using a Phosphor- 
Imager and Image Quant (Molecular Dynamics, Sunny- 
vale, CA) or by scraping the radioactive bands and direct 
liquid scintillation counting of the silica gel. 

All enzyme assays were conducted between two and 
four times with essentially the same qualitative results. The 
results of a single experiment are shown in each figure. 
Because of variations among microsomal or oil body prep- 
arations, mean values were not reported. ACS activit y wag, 
jgggj^g^^oy^fflg j° Qroot et al. (1974) with the following 
modifications: the 25-jllL assay mixture contained 80 mM 
Hepes-KOH, pH 7.2, 1 mM ATP, 125 mM MgCl 2 , 0.5 mM 
NADPH, and 15 f±M [l- 14 C]oleate (NH 4 + salt) with B. napus 
oil bodies or [l- 14 C]stearate (NH 4 + salt) with leek micro- 
somes. Oleate and stearate were used because monounsat- 
urated and saturated C-18 primers are the preferred sub- 
strates for B. napus oil bodies and leek microsome 
elongases, respectively. The concentrations of CoA used 
were as indicated in "Results" or in figure legends, ^ and 
whenever indicated, 100 jlim malonyl-CoA or 100 f fxM 
acetyl-CoA was added. Assays (2 and 30 min) were started 
\ with the addition of B. napus oil bodies (2-3 fig of protein) 
I or leek microsomes (24-38 /Ltg of protein), and stopped with 
f an equal volume of 100 mM acetic acid and 4 volumes of 
I water. Unreacted fatty acids were removed by four succes- 
I sive extractions into 800 jtL of diethyl ether. The diethyl 
| ether remaining on the surface of the aqueous phase was 
! removed under a stream of nitrogen for 3 min. Acyl-CoAs 
| and polar lipids were then extracted into rc-butanol (3 X 
! 100 jutL). The butanol phases were pooled and the volume 
j was reduced under a stream of nitrogen. Acyl-CoA and 
polar lipids were separated on Silica Gel 60 A plates (What- 
man) by first developing plates to the full length in chlo- 
\ roform:methanol:glacial acetic acid: water (85:15:10:3, v/v) 
\ and then developing to one-third of the length in n-buta- 
noLglacial acetic acid: water (5:2:3, v/v). Quantification of 
radioactivity was carried out as described above. 

Acyl chain lengths of acyl-CoAs, PCs, and free fatty acid 
fractions were analyzed by RPTLC. Briefly, acyl-CoAs and 
PCs were eluted from scraped silica samples with n-buta- 
nohglacial acetic acid:water (5:2:3, v/v), and free fatty acids 
were eluted with chloroform :methanol (2:1, v/v). Solvent 
volumes were reduced under nitrogen and lipids were 
transmethylated according to the procedure described by 
Sattler et al. (1996). Fatty acid methyl esters were prepared 
from the lipid fractions, separated by RPTLC, and quanti- 
1 fied'as described above. 
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Malonyl-CoA and [l- 14 C]malonyl-CoA were purified 
(>99.8% CoA free) by HPLC (HP 1100, Hewlett-Packard) 
equipped with a diode array detector set to 260 nm, using 
a reverse-phase column (Microsorb-MV CI 8, Rainin, 
Woburn, MA) at a flow rate of 8 mL/min with an isocratic 
elution using 18% acetonitrile in 50 mM KP0 4 buffer, pH 
5.2, for 20 min. Under these conditions, malonyl-CoA 
eluted at 9 min and CoASH eluted at 11 min. The column 
was then washed and reequilibrated by increasing the ace- 
tonitrile from 3 to 30% in 50 mM KP0 4 buffer, pH 5.2, over 
1 min, followed by a 5-min wash with 30% acetonitrile, 50 
mM KP0 4 buffer, pH 5.2, and finally returned to 3% ace- 
tonitrile, 50 mM KPO4 over 1 min and held for an addi- 
tional 14 min. Fractions that contained malonyl-CoA were 
collected, pooled, diluted 1:10 with water, and desalted on 
SepPak C 18 minicartridges. Briefly, SepPak cartridges were 
prepared by washing (5 mL each) with decreasing concen- 
trations of methanol (100, 75, 50, and 25%, v/v), followed 
by 1 mL of water, and, finally, 5 mL of 10 mM acetic acid. 
Samples were loaded by gravity and the procedure was 
carried out at 4°C. The column was washed with 5 mL of 10 
mM acetic acid followed by 1 mL of water. Malonyl-CoA 
was eluted with 20% acetonitrile in 1-mL fractions. Peak 
fractions were identified either by radioactivity or by A 260 , 
as applicable, and were combined and dried in a Speed- Vac 
(Savant Instruments, Farmingdale, NY). Dried malonyl- 
CoA was dissolved in water (adjusted to pH 3.0 with acetic 
acid) to 8 to 10 mM and stored at — 20°C until used. 
Malonyl-CoA solutions remained free of CoA for at least 1 
month when prepared and stored in this manner. The 
purity of the malonyl-CoA was analyzed using a reverse- 
phase C 18 column at a flow rate of 1 mL/min and the 
following solvent system: a 5-min isocratic elution with 3% 
acetonitrile in 50 mM KP0 4 buffer, pH 5.2, followed by a 
40-min gradient from 3 to 30% acetonitrile. Under these 
conditions malonyl-CoA eluted at 10.3 min and CoASH 
eluted at 11.9 min. 

RESULTS AND DISCUSSION 

B. napus Oil Bodies Will Effectively Elongate Fatty Acids 
in the Absence of CoA 

We reported previously that leek microsomes elongate 
fatty acids at least as well as acyl-CoAs (Evenson and 
Post-Beittenmiller, 1995). Other researchers have reported 
similar findings in microsomes prepared from oil seeds 
(Bolton and Harwood, 1977) and rat hepatocyte micro- 
somes (Nugteren, 1965). In B. napus the highest specific 
activities for acyl-CoA elongation are found in oil bodies 
(Imai et al., 1995). Therefore, oil body preparations were 
used to evaluate the relationship of ACS and fatty acid 
elongation activities and their CoA dependence. To ascer- 
tain if B. napus oil bodies would elongate fatty acids simi- 
larly to leek microsomes, the rates of [1- 14 C]18:1 and 
[1- 14 C] 18:1 -CoA elongation were compared (Fig. 1). We 
found that B. napus oil bodies used the fatty acid primer, in 
the presence of ATP, at higher rates than the acyl-CoA 
primer. 
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Figure 1. Comparison of fatty acid and acyl-CoA primers for acyl 
elongation in B. napus oil bodies. Either 1 5 fxM [1 - 14 C] 1 8:1 (A) or 1 5 
/llm [1 - 14 C) 18:1 -CoA (•) was provided as the primer in acyl elonga- 
tion assays. At the indicated times, assays were stopped and methyl 
esters were prepared from the saponified fatty acids. The elongated 
products were separated from the starting substrates by RPTLC and 
the radioactivity was quantified using a PhosphorJmager and Image 
Quant (Molecular Dynamics). 

ACS and Fatty Acid Elongation Activities 

ACS activity in microsomes from rapidly expanding'leek 
leaf ' epidermis and oil bodies from B. napus developing 
seeds were assayed by the method of Groot et al. (1974). 
Because we were interested in determining if ACS was 
contributing to fatty acid elongase activity, the incubation 
conditions used in these assays were essentially those used 
for elongase assays; i.e. the buffer, and the concentrations 
of the cofactors in common were the same as for elongase 
assays. ACS assays performed according to Lessire and 
Cassagne (1979) gave essentially the same results. In each 
case, ACS activity was detected in the microsomal mem- 
brane or oil body preparations. In the presence of ATP, 
CoA (50 /am), and 14 C-fatty acid, ACS activities were de- 
tected in both leek microsomes and in B. napus oil bodies. 
The rate reported for safflower microsomes (2520 nmol h _1 
mg _1 protein) by Ichihara et al. (1993) is 2.5-fold higher 
than the rate reported here for B. napus oil bodies (962 nmol 
h -1 mg" 1 protein), and the rate reported for leek micro- 
somes (24 nmol h -1 mg" 1 protein) by Lessire and Cassagne 
(1979) is 3-fold higher than our rate of 8.2 nmol h" 1 mg -1 
protein for leek microsomes. In both of these studies, the 
levels of CoA (0.5-1 mM) were at least 10-fold higher and 
the levels of fatty acid (0.5-0.8 mM) were more than 30-fold 
higher than the levels used in our studies. 

To assess the CoA requirements for ACS and acyl elon- 
gation activities, a series of CoA concentrations, from 0 to 
50 /am, was used with leek microsomes and B. napus oil 
bodies. As shown in Figure 2, in the absence of CoASH, 
AC§ activities were very low in both the leek microsomes 
and the B. napus oil bodies. In leek microsomes (Fig. 2, left), 
ACS activity increased 38-fold with increasing concentra- 
tions of CoASH, indicating a clear dependence of ACS 
activity on supplied CoA. In contrast, elongase activity in 
the same preparations was unaffected by increasing CoA 
concentrations. Fatty acid elongation rates were similar 
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CoA (iiM) CoA (fiM) 

Figure 2. Effect of increasing CoA concentrations on fatty acid elongation and ACS activities in leek microsomes (left) and 
B. napus oil bodies (right). Standard ACS assays (open bars), using [1- M C]18:0 with leek microsomes and [1- 14 C]18:1 with 
B. napus oil bodies, or eiongase assays (solid bars), using [1- 14 C] 18:0 with leek microsomes and [2- M C]malonyl-CoA with 
B. napus oil bodies, were carried out with increasing CoA concentrations. Acyl-CoAs and fatty acid methyl esters were 
prepared and analyzed as described in "Materials and Methods" and the legend to Figure 1. 



(2.2-2.6 nmol h" 1 mg" 1 protein) from 0 to 50 fiM CoA. In B. 
napus oil bodies, ACS activity likewise was dependent on 
supplied CoA, whereas eiongase activity was largely un- 
affected by CoA (Fig. 2, right). These data together indi- 
cated that microsomal and oil body preparations did not 
contain sufficient levels of CoA to support ACS activity, yet 
they supported high rates of fatty acid elongation. Further- 
more, in B. napus oil bodies, ACS activity was 3- to 11-fold 
higher than fatty acid elongation activity when CoA was 
supplied at greater than 3 fiM. Therefore, if ACS provides 
substrate for acyl elongation, a stimulation of acyl elonga- 
tion would be expected unless the level of primer was 
saturating. However, the concentration of [1- 14 C]18:0 (15 
fxu) was below saturating levels of the primer (Evenson 
and Post-Beittenmiller, 1995); therefore, we concluded that 
fatty acid elongation rates should have responded to in- 
creasing synthesis of acyl-CoAs if acyl-CoAs rather than 
fatty acids were a more direct substrate. Thus, the results 
clearly indicated that elongation rates were unaffected by 
increased ACS activities. 

HPLC Purification of Malonyl-CoA 

Commercially available malonylfCoA and solutions of 
malonyl-CoA (if improperly prepared or stored) may con- 
tain small amounts of nonesterified CoA. Because. 100 plm 
malonyl-CoA is routinely used in fatty acid elongation 
assays, even 1% contaminating Co ASH could introduce 
significant levels of CoA. This could potentially provide 
the CoA necessary to synthesize acyl-CoAs from fatty acids 
in microsomal or oil body preparations during an eiongase 
assay. To assess whether our malonyl-CoA solutions con- 
tained significant levels of CoASH or oxidized CoA, 
malonyl-CoA was analyzed by reverse-phase HPLC and 
quantified by A 260 We detected 1 to 3% CoA contamination 
in various lots of commercially available malonyl-CoA 

/"P* o 1.1. \ -ri- l l £ l * •_• ee 



to provide 1 to 3 pM of CoA in the eiongase assay. There- 
fore, we purified malonyl-CoA on a C 18 reverse-phase 
column to >99.8% (based on the detection limits of the 
HPLC system; Fig. 3, top), and used this CoA-free malonyl- 
CoA for further studies of fatty acid elongation and acyl- 
CoA synthesis. We estimate that the purified fractions con- 
tained less than 0.2% nonesterified CoA. 

CoA-Free Malonyl-CoA Supported Fatty Acid Elongation 

Commercial preparations of malonyl-CoA had been used 
for the fatty acid elongation assays described above and in 
previous studies (Evenson and Post-Beittenmiller, 1995). 
We repeated the fatty acid elongation assays using the 
HPLC-purified malonyl-CoA and compared its effective- 
ness with a commercial preparation of malonyl-CoA and 
with our purified malonyl-CoA, which had been supple- 
mented with 3 ju,M CoA (Fig. 4). It was evident that at the 
earliest time points the amount of elongated product did 
not differ significantly under the three treatments. In fact, 
the HPLC-purified malonyl-CoA was slightly more effi- 
cient than either the CoA-supplemented or the commercial 
malonyl-CoA preparations at generating greater levels of 
product at the later time points. These results indicated 
that contaminating CoA in the commercial preparations 
could not explain elongation of endogenously activated 
free fatty acids in the absence of supplied CoA. 

We also considered whether hydrolysis of malonyl-CoA 
during the elongation reaction could provide sufficient 
CoA for activation of fatty acids. Such hydrolysis would 
presumably be independent of the purity of the malonyl- 
CoA. However, the data presented here (Fig. 4) appear 
inconsistent with malonyl-CoA hydrolysis being a source 
of CoA, unless this hydrolysis was very rapid. At 1 and 3 
min the extent of elongation with CoA-free malonyl-CoA 
was equal to or greater than the extent with commercial or 
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Figure 3. Essentially pure malonyl-CoA {>99,8%) was obtained from 
commercial preparations of malonyl-CoA after separation by HPLC 
chromatography using a C 18 reverse-phase column (top). Commer- 
cial preparations of malonyl-CoA were shown to contain 1 to 3% 
CoASH and smaller amounts of oxidized CoA (bottom). mAU, Mil- 
liabsorbance unit. 



CoA-dependent elongation, malonyl-CoA hydrolysis 
would need to occur at rates greater than 2 to 3% per min 
to provide adequate CoA for the earliest time points. To 
evaluate the possibility of rapid hydrolysis of malonyl-CoA 
under elongase assay conditions, we examined the fatty 
acid elongation reactions for the presence of CoA and loss 
of malonyl-CoA at different time periods. Using HPLC 
analysis, we were unable to detect any CoASH, oxidized 
CoA, or rapid loss of malonyl-CoA. We cannot rule out the 
possibility that any hydrolyzed CoA was rapidly reesteri- 
fied to a fatty acid, although this is improbable because the 
levels required for significant ACS activity (Fig. 2) would 
be easily detected. Thus, if hydrolysis occurred during the 
elongase assay, it was insufficient to contribute substan- 
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Figure 4. Comparison of fatty acid elongation activities in leek mi- 
crosomes using [1- 14 C]18:0 as the acyl primer and HPLC-purified 
malonyl-CoA (■}, commercial malonyl-CoA (A), or HPLC-purified 
malonyl-CoA supplemented with 3 i*,m CoASH (•). Assays were 
carried out and elongated products analyzed as described in Figure 
1. prot, Protein. 

18:0-CoA Was Synthesized during Elongation Reactions 

Surprisingly, [l- 14 C]18:0-CoA was produced in leek mi- 
crosomes in the absence of CoA but in the presence of 
malonyl-CoA, as shown by analysis of the acyl chain 
lengths. Because the formation of [l- 14 C]18:0-CoA occurred 
in the absence of CoA, it was unlikely to result from the 
action of ACS. Therefore, these data suggested that 
[l- 14 C]18:0-CoA was formed by an esterification of the 
[ 14 C]18:0 fatty acid with malonyl-CoA. To examine in more 
detail the effect of malonyl-CoA on the formation of 
[l- 14 C]18:0-CoA, we evaluated the CoA dependence of 
[l- 14 C]18:0-CoA synthesis in the presence or absence of 
malonyl-CoA with increasing concentrations of CoA (Fig. 
5). In the absence of malonyl-CoA, 18:0-CoA synthesis 




CoAfttM) 

Figure 5. Effect of increasing CoA concentrations on [1- 14 C]18:0- 
CoA formation in the presence (open bars) or absence (solid bars) of 
HPLC-purified malonyl-CoA in leek microsomes. Fatty acid elonga- 
tion assays were carried out in the presence (100 ^m) or absence 
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increased in response to increasing CoA concentrations, 
consistent with the presence of ACS activity. However, in 
the presence of CoA-free malonyl-CoA, even though sub- 
stantial amounts of [l- 14 C]18:0-CoA were synthesized, in- 
creasing CoA concentrations had no effect on acyl-CoA 
synthesis, indicating that an activity other than ACS was 
responsible for 18:0-CoA synthesis in leek microsomes. 

The CoA-independent synthesis of 18:0-CoA observed in 
the presence of malonyl-CoA was not expected, and to our 
knowledge, it has not been previously reported. Conse- 
quently, we examined the cofactor requirements for this 
reaction using leek epidermal microsomes to determine if 
this synthesis was ATP dependent and if acetyl-CoA could 
substitute for malonyl-CoA (Fig. 6). Acyl-CoA synthesis 
occurred with both acetyl-CoA and malonyl-CoA, but only 
in the presence of ATP. The ATP requirement and the 
involvement of a free fatty acid suggest that the acyl-CoA 
synthesis was not a simple acyl-exchange reaction. Both the 
malonyl-CoA and the acetyl-CoA were analyzed by HPLC 
and were essentially CoA free (data not shown). Thus, the 
acyl-CoA synthesis could not be attributed to a large con- 
tamination of CoA, which is what would be required be- 
cause this activity was 1.5 to 3.6 times greater than ACS 
activity with 3 /u,m CoA. 

Does 18:0-CoA Synthesis Correlate with Fatty 
Acid Elongation? 

Although 18:0-CoA was synthesized in the presence of 
malonyl-CoA under elongation conditions, we did not 
know if the synthesis of 18:0-CoA preceded or was necessary 
for fatty acid elongation. To address this issue, we exam- 
ined the rate of appearance of [1- 14 C]18:0 in [1- 14 C]18:0- 
CoA and lipids and compared that with the rate of appear- 
ance of elongated fatty acids in these fractions. Elongase 
assays were carried out with CoA-free malonyl-CoA under 
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Figure 7. Progress curve using leek microsomes showing the appear- 
ance of 14 C in acyl moieties of acyl-CoAs and PC. Fatty acid elon- 
gation assays were carried out using [1- 14 C]18:0 and stopped at the 
indicated times. The lipids were extracted and separated by TLC. The 
radioactive acyl-CoA and PC bands were scraped and the lipids were 
eluted, then saponified, methylated, separated by RPTLC, and quan- 
tified as described in "Materials and Methods'' and in Figure 1, O, 
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[1- 14 C]26:0. 



[1- M C]20:0; A, [1- 14 C]22:0; ■, [1- 14 C]24:0; 




Figure 6. Effect of malonyl-CoA (MCoA), acetyl-CoA (AcCoA), ATP, 
and CoA on acyl-CoA synthesis in leek microsomes. Assays were 
carried out under standard elongase assay conditions using 
[1- 14 C]18:0 and indicated cofactors (100 /am acetyl-CoA, 100 ixm 
malonyl-CoA, 1 mM ATP, 3 fiM CoA). The lipids were extracted and 
separated by TLC and the radioactive acyl-CoA and PC bands were 
quantified using a Phosphorlmager and Image Quant (Molecular 



standard conditions, and the acyl chain length composition 
of the acyl-CoA and lipid fractions was analyzed as de- 
scribed in "Materials and Methods." It is clear that 
[1- 14 C]18:0 appeared in the PC fraction as rapidly as it 
appeared in the acyl-CoA fraction (Fig. 7). During the first 
3 min we observed no difference in the accumulation of 
elongation products (20:0, 22:0, 24:0, and 26:0) between the 
PC and acyl-CoA fractions. At 9 min, after the reaction had 
progressed substantially, we did observe a somewhat 
higher level of elongated products in the acyl-CoA fraction, 
the significance of which is unclear. The appearance of 
radioactivity in the free fatty acids was not as rapid, sug- 
gesting a low level of hydrolysis (data not shown). This 
labeling pattern is similar to the pattern seen with 18:l-CoA 
and PC for oleate desaturase activity (Roughan, 1975; 
Stymne and Appelqvist, 1978; Slack et al., 1979). 

As has been well documented, acyl groups are rapidly 
exchanged from acyl-CoAs into PC (Stymne and Glad, 
1981; Stymne and Stobart, 1984; Griffiths et al., 1988a, 
1988b). Because of this rapid exchange, acyl-CoAs can be 
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though the in vivo substrate is PC (Slack et al v 1979). 
Although we have not demonstrated this to be the case for 
acyl elongation, the data so far are consistent with this 
hypothesis. Similarly, the wax synthase activity, which 
esterifies fatty alcohols to a fatty acyl moiety, can use 
acyl-CoAs, but the in vivo substrate may be a phospholipid 
(Kolattukudy, 1967). The idea that PC or another glycero- 
lipid is the source of acyl primer is an attractive hypothesis 
for the following reasons. First, acyl-CoAs are unlikely 
substrates for acyl elongation (Hlousek-Radojcic et al, 
1995; this work). Second, PC as a major ER membrane 
component has accessibility to the elongase enzyme and 
provides a medium for solubilizing the hydrophobic grow- 
ing acyl chain. Third, PC is a pool for desaturation precur- 
sors and therefore functions as a reservoir for some acyl 
chain modifications. 



CONCLUSIONS 

Several lines of evidence have led us to question whether 
acyl-CoAs are the immediate substrates for acyl elongation. 
First, rates of acyl elongation measured by [l- 14 C]malonyl- 
CoA incorporation are 2.5-fold higher than the rates of 
elongation measured by either 14 C-fatty acid or [ 14 C]acyl- 
CoA incorporation, suggesting that a significant endoge- 
nous primer pool is present (Hlousek-Radojcic et al, 1995). 
Second, the specific activity of the supplied [ 14 C]acyl-CoA 
substrate is considerably higher than the specific activity of 
the synthesized elongated product in B. napus oil bodies. 
This implies that the product acyl-CoA is derived from a 
large endogenous pool. Measurements indicate that the 
18:l-CoA pool in B. napus oil body preparations is less than 
0.6 fiM, which is at least 20-fold less than the concentration 
of [ 14 C]acyl-CoA supplied, and therefore, cannot be the 
pool that dilutes the supplied substrate. Information on the 
size of fatty acid pools in plants has not been reported to 
date, but free fatty acid levels in animal microsomes are 
reported to be 0.03 /xmol mg" 1 protein (Cinti et al, 1992, 
and refs. therein). Third, nonesterified fatty acids are elon- 
gated at higher rates and to greater levels than acyl-CoAs 
(Fig. 1) (Evenson and Post-Beittenmiller, 1995). Fourth, the 
elongation of fatty acids is accomplished in the absence of 
added Co A (Fig. 4) (Evenson and Post-Beittenmiller, 1995). 
Finally, preincubation studies with acyl-CoAs show that 
although the acyl-CoA pool is reduced by >95%, the sub- 
sequent acyl elongation activity is reduced only 2- to 3-fold 
(Evenson and Post-Beittenmiller, 1995; Hlousek-Radojcic et 
al., 1995). 

In this study we provide evidence that ACS activity in 
the absence of supplied CoA cannot account for the ATP- 
dependent fatty acid elongation in leek microsomes and B. 
napus oil bodies. Furthermore, although acyl-CoAs were 
synthesized in vitro under conditions that support high 
rates of acyl elongation, the formation of acyl-CoAs was 
ATP and malonyl-CoA dependent, and it did not correlate 
with fatty acid elongation activity. Thus, although exoge- 
nous acyl-CoAs are readily elongated in B. napus and leek, 
we propose that ATP plays a role in the elongation process 



In conclusion, we have shown that fatty acid elongation 
in leek microsomes and B. napus oil bodies was CoA inde- 
pendent and that CoA-free malonyl-CoA preparations 
were able to support high rates of fatty acid elongation. 
Therefore, ACS activity did not play a direct role in pro- 
viding primer for acyl elongation in plants. Furthermore, 
we described an activity present in plant microsomes that 
synthesized acyl-CoA from [1- 14 C]18:0 in the presence of 
malonyl-CoA or acetyl-CoA and that was dependent on 
ATP. In addition, [1- 14 C]18:0 appeared in the PC and acyl- 
CoA fractions simultaneously with the appearance of the 
elongated products, which suggests that PC or other glyc- 
erolipid is a likely primer for acyl elongation. 



ACKNOWLEDGMENTS 

We thank Grattan Roughan and John Ohlrogge for helpful 
discussions and critical reading of the manuscript, and Kathy 
Schmid and Susanne Rasmussen for critical reading of the 
manuscript. 

Received July 25, 1997; accepted October 10, 1997. 
Copyright Clearance Center: 0032-0889/98/116/0251/08. 



LITERATURE CITED 

Agrawal VP, Lessire R, Stumpf PK (1984) Biosynthesis of very 
long chain fatty acids in microsomes from epidermal cells of 
Allium porrum L. Arch Biochem Biophys 230: 580-589 

Bolton P, Harwood JL (1977) Fatty acid biosynthesis by a partic- 
ulate preparation from germinating pea. Biochem J 168: 261-269 

Cahoon EB, Lynch DV (1991) Analysis of glucocerebrosides of rye 
(Secale cerale L. cv Puma) leaf and plasma membrane. Plant 
Physiol 95: 58-68 \ 

Cassagne C, Lessire R, Bessoule JJ, Moreau P, Creach A, Schnei- 
der F, Sturbois B (1994) Biosynthesis of very long chain fatty 
acids in higher plants. Prog Lipid Res 33: 55-69 

Cinti DL, Cook L, Nagi MN, Suneja SK (1992) The fatty acid 
chain elongation system of mammalian endoplasmic reticulum. 
Prog Lipid Res 31: 1-51 

Evenson KJ, Post-Beittenmiller D (1995) Fatty acid-elongating 
activity in rapidly expanding leek epidermis. Plant Physiol 109: 
707-716 

Fehling E, Mukherjee KD (1991) Acyl-CoA elongase from a 
higher plant (Lunaria annua): metabolic intermediates of very- 
long-chain acyl-CoA products and substrate specificity. Biochim 
Biophys Acta 1082: 239-246 

Fuhrmann J, Johnen T, Heise K-P (1994) Compartmentation of 
fatty acid metabolism in zygotic rape embryos. J Plant Physiol 
143: 565-569 

Griffiths G, Stymne S, Stobart AK (1988a) Phosphatidylcholine 
and its relationship to triacylglycerol biosynthesis in oil-tissues. 
Phytochemistry 27: 2089-2093 

Griffiths G, Stymne S, Stobart AK (1988b) The utilisation of 
fatty-acid substrates in triacylglycerol biosynthesis by tissue- 
slices of developing safflower (Carthamus tinctorius L.j and sun- 
flower (Helianthus annuus L.) cotyledons. Planta 173: 309-316 

Groot PHE, van Loon CMI, Hulsman WC (1974) Identification of 
the palmitoyl-CoA synthetase present in the inner membrane- 
matrix fraction of rat liver mitochondria. Biochim Biophys Acta 
337: 1-12 

Guchait RB, Putz GR, Porter JW (1966) Synthesis of long-chain 
fatty acids by microsomes of pigeon liver. Arch Biochem Bio- 



258 



Hlousek-Radojcic et al. 



Plant Physiol. Vol. 11 6, *1 998 



Harwood JL (1980) Plant acyl lipids: structure, distribution and 
analysis. In PK Stumpf, ed, The Biochemistry of Plants. Aca- 
demic Press, New York, pp 2-56 

Hlousek-Radojcic A, Imai H, Jaworski JG (1995) Oleoyl-CoA is 
not an immediate substrate for fatty acid elongation in develop- 
ing seeds of Brassica napus. Plant J 8: 803-809 

Ichihara K, Nakagawa M, Tanaka K (1993) Acyl-CoA synthetase 
in maturing safflower seeds. Plant Cell Physiol 34: 557-566 

Imai H, Hlousek-Radojcic A, Matthis A, Jaworski J (1995) Elon- 
gation system involving the biosynthesis of very long chain 
fatty acids in Brassica napus seeds: characterization and solubi- 
lization. In J-C Kader, P Mazliak, eds, Plant Lipid Metabolism. 
Kluwer Academic Publishers, Dordrecht, The Netherlands, pp 
118-120 

Kolattukudy PE (1967) Mechanisms of synthesis of waxy esters in 
broccoli {Brassica oleracea). Biochemistry 6: 2705-2717 

Lassner MW, Lardizabal K, Metz JG (1996) A jojoba /3-ketoacyl- 
CoA synthase cDNA complements the canola fatty acid elonga- 
tion mutation in transgenic pants. Plant Cell 8: 281-292 

Lessire R, Cassagne C (1979) Long chain fatty acid CoA-activation 
by microsomes from Allium porrum epidermal cells. Plant Sci 
Lett 16: 31-39 

Nugteren DH (1965) The enzymic chain elongation of fatty acids 
by rat-liver microsomes. Biochim Biophys Acta 106: 280-290 

Ohlrogge J, Browse J (1995) Lipid biosynthesis. Plant Cell 7: 
957-970 

Post-Beittenmiller D (1996) Biochemistry and molecular biology 
of wax production in plants. Annu Rev Plant Physiol Plant Mol 
Biol 47: 405-430 

Roughan G (1994) A semi-preparative enzymic synthesis of 
malonyl-CoA from [ 14 C]acetate and 14 C0 2 : labelling in the 1, 2, 
or 3 position. Biochem J 300: 355-358 



Roughan PG (1975) Phosphatidyl choline: donor of 18-carbon 
unsaturated fatty acids for glycerolipid biosynthesis. Lipids 10: 
609-614 

Sattler W, Reicher H, Ramos F, Panzenboeck U, Hayn M, Ester- 
bauer H, Malle E, Kostner GM (1996) Preparation of fatty acid 
methyl esters from lipoprotein and macrophage lipid subclasses 
on thin-layer plates. Lipids 31: 1303-1310 

Slack CR, Roughan PG, Browse J (1979) Evidence for an oleoyl 
phosphatidylcholine desaturase in microsomal preparations 
from cotyledons of safflower (Carthamus tinctorius) seed. Bio- 
chem J 179: 649-656 

Stymne S, Appelqvist L-A (1978) The biosynthesis of linoleate 
from oleoyl-CoA via oleoyl-phosphatidylcholine in microsomes 
of developing safflower seeds. Eur J Biochem 90: 223-229 

Stymne S, Glad G (1981) Acyl exchange between oleoyl-CoA and 
phosphatidylcholine in microsomes of developing soya bean 
cotyledons and its role in fatty acid desaturation. Lipids 16: 
298-305 

Stymne S, Stobart AK (1984) Evidence for the reversibility of the 
acyl-CoA:lysophosphatidylcholine acyltransferase in microso- 
mal preparations from developing safflower {Carthamus tincto- 
rius L.) cotyledons and rat liver. Biochem J 223: 305-314 

Taylor DC, Weber N, Hogge LR, Underhill EW (1990) Radiola- 
beled erucoyl-CoA and other long-chain fatty acyl-CoAs and 
their characterization by mass spectrometry. Anal Biochem 184: 
311-316 

von Wettstein-Knowles PM (1993) Waxes, cutin, and suberin. In 
TS Moore, ed, Lipid Metabolism in Plants. CRC Press, Boca 
Raton, FL, pp 127-166 

Whitfield HV, Murphy DJ, Hills MJ (1993) Sub-cellular localiza- 
tion of fatty-acid elongase in developing seeds of Lunaria annua 
ancl Brassica napus, Phytochemistry 32: 255-258 ' 



